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SI  M \1  A R > 

Dynamn  icMs  ncrt-  diinv  tisina  coiivcnlitinal  lap  sash  seal  hell  reslraints.  and 
assenihties  ineorporalinn  enerf;\  ahsorhers  in  the  sash  strap.  Three  restraint 
i;e<iineiries.  rigid  aiut  eusluoned  seals  and  assenihlies  w ith  the  straps  slac  k,  light  and 
prelnaded  ssere  tested 

The  load  in  the  sash  strap  ssiih  an  energy  ahsorher  seas  half  of  that  in  the  same 
strap  of  a eonveniional  restraint  in  tests  w ith  the  same  peak  aeceleration  of  2S<lmis-/S . 

The  results  ssere  also  eompared  ss  iih  those  from  previous  tests  svhere  a shorter 
ai  eeleralion  dislatue  ssas  used. 
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1.  INTROniCTION 


Sciil  boll.s  wilh  upper  torso  restraint  provide  valuable  proteetion  lor  the  oeeupant.s  ol  an 
aireralt  or  motor  vehiele  in  the  event  ol  a erash  I he  restraint  lorees  in  the  eonventional  webbing 
system  are  clearly  dependent  on  the  vehicle  deceleration,  but  the  relationship  is  complex  and  may 
also  depend  on  the  velocity  change,  the  restraint  geometrv.  the  initial  slackness  ol  the  system  and 
the  stretching  properties  ol  the  restraint.  Incorporation  ol  energy  absorbers  into  the  system  can 
reduce  restraint  loads  and  alter  the  relationship  between  load  and  vehicle  deceleration. 


lo  investigate  these  laetors.  dynamic  tests  were  done  on  a erash  simulator  to  measure 
restraint  loads  and  dummv  movement  with: 


(a)  C onventional  all  webbing  restraints  having  separate  anchorages  lor  the  lap  and  sash 
straps.  ( l our-pomt  system) 

(b)  Conventional  all  webbing  restraints  with  the  sash  strap  lomed  to  the  lap  strap  ( I hree- 
pomt  system). 

(c)  Conventional  tour-point  systems  with  rigid  and  cushioned  seats 

(d)  Conventional  four-point  systems  lilted  with  initial  slack,  luted  tightly  and  luted  with  the 
straps  preloaded. 

(e)  E nergy  absorbing  systems  with  two  allern.uive  ly  pes  ol  energy  absoi  her  installed  in  the 
sash  strap. 

I he  lest  acceleration  pulses  ranged  Irom  a peak  acceleration  ol  dO  m s'  to  a peak  ol  2X0  m s', 
although  not  all  configurations  were  tested  over  this  whole  range  I he  Urwesi  acceleration  was 
intended  lo  produce  loads  comparable  to  the  current  design  strength  ol  aireralt  restraint  systems 
( w Inch  IS  based  on  a deceleration  ol  dg  on  an  oecupani  ol  mass  kg  with  a I act  or  ol  salety  ol  1 .3.^. 

I he  high  accelerations  were  comparable  with  the  design  longtuudinal  pulse  suggested  m the  Crash 
Survival  Design  (unde  tor  the  cockpit  region  ol  light  aireralt  ( I Ins  is  a triangular  pulse  with  an 
average  acceleration  of  I .‘ig,  peak  .3()g  and  velocity  change  ol  1 5 m s. ).  I he  high  acceleration  pulse 
was  also  comparable  lolhal  used  in  aulomotive  test  conditions,  and  provided  lor  testing  an  energy 
absorber  designed  lor  automotive  use 

I he  erash  simulator  sled  acceleration  stroke  w.is  ,ippro\imately  one  metre.  I his  corresponds 
to  a vehicle  stopping  distance  ol  a lillle  less  than  one  metre  and  also  to  the  stopping  distance 
implied  by  the  ( rash  Survival  Design  (lUide  pulse  I he  distance  was  greater  than  that  commonly 
used  in  automotive  restraint  tests  and  m earlier  .A.R  I . tests  Comparison  with  these  earlier 
tests,  which  used  a similar  peak  acceleration  range  but  lower  velocity  changes,  allowed  assessment 
ol  ihe  relalive  importance  ol  peak  acceleration  and  velocity  change. 

I he  work  w.is  done  .is  part  ol  the  (rash  Salciv  I’logramme  supported  by  the  IX-parlmcnt  ol 
transport  ( \ii  I r.insport  (iroup) 


2.  TKST  IQl  IPMF.NT 

2.1  ( rash  Simulator 

Ihe  tests  were  c.irricd  out  on  Ihe  (iencral  Motors  Holden’s  "Hyge"  crash  simulator  I his 
machine  reproduced  l he  essential  dv  n.imics  ol  ,i  crash  decelciatn>n  by  accelerating  a sled  carrying 
the  test  scat  and  restrained  dummv  Irom  resi  tolhc  requited  velocilv.  I he  acceleration  pulse  was 
.ipprovimalcly  sinusoidal 

2.2  Test  Dummy 

•\n  " Mderson”  \ 1 1’3()  anlhropomoi  phic  dummv  (m.iss  kg)  representing  a 50th  percentile 
male  was  used  It  w.is  clothed  in  cotton  stockinette  garments  as  shown  on  E ig  I 

2-3  Test  Frame  and  Seal 


\ lest  Iratnc  mounted  on  the  sled  provided  .inchoiagcs  lor  Ihc  scat  and  restraint  as  shown  in 
E Ig  I Most  seal  belt  installations  h.ive  Ihc  high  mounting  lot  the  sash  strap  on  Ihe  outer  side  ol  the 
seat  relative  lo  the  cabin.  Ihcrelorc  Ihc  side  ol  l he  icsl  asscmblv  having  the  high  sash  anchorage  is 
releired  to  as  t he  “outer  side",  .ind  Ihc  side  wit  h Ihc  low  mounting  lor  the  sash  or  Ihe  intersection  ol 
Ihe  sash  and  lap  straps  .it  the  buckle,  is  rclerrcd  to  as  the  "inner  side" 

1 he  seal  base  had  .i  strong  Irame  and  a seal  pan  lormed  by  a lattice  ol  seal  Ex’lt  webbing  as 


I 
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shown  in  hig.  2.  In  most  tests  this  was  covered  by  a plastic  loam  cushion,  but  in  lour  tests  the 
cushion  was  replaced  by  a rigid  wooden  platlorm.  Unless  referred  to  as  a rigid  seat  test,  results 
apply  to  the  cushioned  seat. 

2.4  Instrumentation 

I he  loads  in  the  straps  adjacent  to  the  anchorages,  the  horizontal  load  in  the  seat  and  the  sled 
acceleration  were  measured  and  recorded  on  an  oscillograph.  Velocity  was  calculated  by 
integrating  the  sled  acceleration  pulse  Movement  ol  the  dummv  was  recorded  bv  two  high  speed 
cine  cameras.  One  ol  these  was  mounted  on  the  sled,  the  other  was  in  a li.ved  position  on  the 
opposite  side  ol  the  sled,  l iming  marks  on  the  film  and  oscillograph  trace  allowed  synchronization 
of  the  records. 

,V  THE  RESTRAINT  SVSTE.MS 

.^.l  Four-point  System 

I he  inner  side  ol  t he  loin  - point  system  is  show  ii  on  I ig  I I he  position  ol  the  outer  lap  strap 
anehorage  eorresponded  to  the  position  ol  the  inner  lap  anchorage,  but  on  the  other  side  ol  the 
seat;  the  upper  sash  strap  was  eonnected  to  the  Irame  by  the  link  .AB 

In  addition  to  tests  with  conventional  webbing  straps,  tests  were  carried  out  with  energy 
absorbers  in  the  sash  strap.  I wo  types  ol  energy  ahsorbe'i  were  tested;  these  were  designated  tv  pie  A 
and  type  H.  I y pe  .A  was  lilted  to  the  link  A Bat  A.  whilst  ly  pe  B replaced  the  link  AB  I he  length  ol 
webbing  between  A and  the  lower  sash  anehorage  was  the  same  lor  all  tests 

,F.2  Three-point  .System 

I Ills  was  an  .lutomotive  lap  sash  assembly . I he  iippei  sash  and  outer  lap  anchorage  positions 
were  the  same  as  w ith  I he  lour-poinl  system,  hut  the  straps  trom  t hese  anchorages  were  loined  to  a 
eommon  inner  lap  strap  .it  t he  buckle  as  show  n on  Figs  and  4 I he  outer  lap  and  sash  straps  were 
lorrned  Irom  a eonliiuious  length  ol  webbing  which  could  slide  through  the  buckle  tongue. 

I he  assembly  was  tested  with  the  eommon  inner  lap  strap  anchored  at  two  alternative 
positions,  shown  on  Figs,  .f  and  4 

4.  THE  ENER(;V  ABSORBERS 

I he  lype  A energy  absorbei.  shown  on  Fig.  5a  was  a eommereial  unit  which  dissipated 
energy  by  twisting  a torsion  bar  I vtra  webbing  on  the  end  ol  l he  sash  strap  was  stored  on  a reel, 
the  rotation  ol  which  was  controlled  by  the  torsion  bar  \\  hen  the  torque  Irom  the  tension  in  the  1 

strap  c.xceeded  the  torsional  strength  ol  the  bar  the  reel  rotated  and  allowed  the  sash  strap  to 

extend.  Tests  with  this  type  ol  load  limiter  have  been  described  by  Seiffert^  et  al.  j 

Ihelype  Burnt  was  developed  al  A K 1 and  dissipated  energy  bv  plastic  bending  ol  two  mild  * 

steel  strips  I hese  were  lolded  to  a I shape  and  luted  in  a ease  One  end  ol  each  strip  was  welded  to 

the  case  I oad  was  applied  to  the  ease  and  t he  other  end  ol  the  strips  \Mien  the  load  overcame  the  j 

bending  strength  ol  the  strips  the  told  lolled  along  the  case  allowing  the  unit  to  e.xtend 

( onstiuclion  IS  shown  on  Fig.  .5b  I oose  packing  pieces  stabilized  the  strips  in  the  case.  I he  unit  j 

has  been  described  previoiislv  I 

5.  PR()(  EDI  RE  ’ 

I he  nominal  peak  acceleration  levels  were  dO.  1X0.240  and  .^(K)  m s \ T hese  values  were  not 
achieved  exactly  and  actual  peak  values  were  f .5. 1 70.220  and  2X0  m s'. 

( onvent'oiial  lour-point  systems  with  a cushioned  seat  and  25  mm  ol  slack  were  tested  at  all 
acceleration  levels  ( onventional  lour-point  svstenis  weie  tested  at  PO  m s peak  acceleration  ^ 

with  ,1  ngiil  seat,  tight  and  preloaded  straps  Conventional  thiee-poml  systems  were  also  tested  at 
peak  aeeeleralions  ol  PO  m s with  .i  cushioned  seal  and  25  mm  slack 

i nergy  absorbing  systems  with  a cushioned  seat  and  25  mm  slack  were  tested  with  peak 
.leeelei.itions  ol  PO  and  2X0  m s I he  test  sequence  is  shown  in  lablel  I he  linal  test,  without  ' 

dummy  or  restraint  was  to  determine  the  load  produced  by  seat  inertia. 

J 

In  each  test  the  dummy  was  positioned  centrally  in  the  seat  and  against  the  backrest  A new 
belt  asscmblv  was  luted  and  arl)usted  to  the  required  position.  I xcept  lor  tests  with  tight  or 
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pi Ntiaps  the  asseinbK  was  ailiuslcil  to  allovs  25  inm  ol  I oi  wards  ino\cmcnt  ol  the  dumm>.  ' 

This  IS  consistent  with  the  amount  ol  slack  specilied  by  the  Australian  Design  Rules*',  and  ; 

Regulation  loi  I esiiiig  Vat  fk'lts  proposed  b\  l he  I eonomic  C ommission  lor  l urope  1 1 .CM’. ). 

Details  ol  the  method  used  loi  setting  the  sl.iek  .iie  gi\en  m a previous  A R I Report 

In  the  test  with  tight  str.ips  the  stiaps  weie  tightened  .is  much  as  possible  b\  hand,  usingthe 
norin.il  adiusters 

In  the  test  with  the  prelo.ided  str.ips.  the  normal  .idiusteis  were  used  to  obtain  a 'snug' lit  and 
tension  was  applied  to  the  straps  b\  nioving  the  .inehorages  baekw.irds  b\  a meehanieal  loading 
deviee  1 he  .inehorages  were  secured  with  tension  in  the  belt 

\ltei  ad  I listing  l he  sii  .ips  t he  webbing  was  mai  ked  w here  it  p.issed  t hrough  .id  lusters,  and  the 

test  pulse  w.is  .ipphed  Mtei  the  test  the  webbing  w.is  cheeked  lor  slip  .ind  energy  absorber  , 

evlensions  were  noted 

6.  RI.Sl  I.TS  AND  DISC  I SSION  j 

6.1  ( omparison  of  Kour-poinl  and  I hree-point  .Systems  • 

Holh  eonligur.ilions  were  tested  with  25  inm  sl.iek  .ind  sled  pe.ik  aeeeleralions  ol  170  m s^  j 

I \ pieal  str.ip  load  Ir.iees  .ne  shown  on  1 ig  ('  I he  m.isiimiin  loads  are  summarised  m I able  II  A,  ;j 

.ind  It  IS  seen  th.it  the  lol.il  sii.ip  lo.id  w.is  simil.ii  with  eilhei  svstem  I he  uppei  sash  load  was  ,j 

shghlU  sm.illei  .ind  the  oiilei  l.ip  lo.id  slightly  gre.iler  with  the  lour-poinl  system.  I his  was  | 

probablv  K-e.iuse  the  lowei  s.ish  strap  was  higher  on  the  diimnn.  .is  shown  on  lags  7 and  k.  I he  j 

loail  ilisti ibulion  on  .i  bodv  wouhl  .ippe.ii  to  be'  bs'tlei  with  the  three*poinl  system,  but  the  lour-  ^ 

point  eonligui.ilion  would  h.i\e  been  hellei  it  the  lower  s.ish  .inehor.ige  had  been  lowei  or  lurther  ^ 

loiwaids  . 

I he  ihiee-point  svstcins  weie  lested  with  the  innei  l.ip  sii.ip  attached  at  two  alternative 
positions  I hese  gave  .i  noliee.ible  dilleienee  m l he  slope  ol  the  l.ip  si  i .ip  in  the  unloaded  condition.  j 

.IS  shovs  n on  lags  } .ind  4 but  ilui  ing  1 he  lesis  t he  lo.uls  dev  elopeil  in  1 he  straps,  given  in  1 able  1 1 A.  i 

.ind  the  slopes  ol  the  sli.ips.  ,is  shown  on  lags  k .ind  .ind  m l.ible  IlM.  were  appro.ximately  the  i 

same  with  both  anehoiagi  positions 

\s  deseribe'd  in  seel  ion  2 1 he  sti.ip  loi  ining  the  s.ish  .ind  outei  l.ip  sti.ip  could  slide  through 
the  buckle  longue,  but  ev.imm.ilion  ol  the  cine  lilin  showed  ih.il  slip  iinlv  oeeurred  late  in  the  j 

acceleration  pulse  ; 

6.2  ( omparison  of  Icsts  with  ( ushioned  and  Rigid  Seats  j 

loiiipoint  .issemblies  werelesied.it  I'llm  s^  peak  .leeeleialion  w it  h l he  lle\ible  seat  cushion 
.ind  vv It  h 1 he  rigid  seal  I v pieal  load  .iiul  .leeelei  .it ion  traces  are  show n on  tag  1 0.  and  results  are 
summ.iri/ed  in  l.ible  III  When  set  up  with  25  mm  sl.iek  the  strap  loads  with  either  rigid  or 
eushioned  seats  were  .ippi osimalely  the  s.ime  In  all  tests  with  the  cushioned  seat  there  was  an 
.ibi  upt  ineiease  in  the  seal  load  .it  .iboul  the  lime  the  dummy  reached  its  lurlhest  lorward  position 
fl’e.ikseal  load"  on  lag  III  I I his  w.is  probably  .i  direct  loading  between  the  dummy  and  the  IronI 
membei  ol  ihese.il  li.ime  It  hiough  I he  eompressed  cushion  I.  and  was  particularly  severe  in  tests  at 

highei  .leeeleralioiis  It  is  relerred  to  lalei  in  section  6 4 | 

6..f  I he  K.ffect  of  l ightening  the  Straps 

I ighi  Ol  pielo.ided  assemblies  should  pioduee  an  earlier  build  up  ol  load  and  the  maximum 
V allies  should  be  lowei  t h.in  .in  .issembly  lilted  with  initial  slack  I ests  to  investigate  I hese  elleels 
were  e. lined  out  with  the  iigid  seal  .it  a sled  peak  .leeeleration  ol  I 4)  m s 

I he  sti.ip  lo.uls  in  the  tight  svslein  weie  approximately  10'  < less  than  those  with  25  mm  ol 
sl.iek  .is  shown  in  l.iblelll  I’relo.iding  I he  stiaps  produced  a I urther  rediietion  ol  lO'i  inthelap 
strap,  but  did  not  reduce  the  sash  load.  I he  preload  applied  was  approximately  blKIN  hut  this 
dropped  to  about  2IK)\  hv  the  time  the  aeeelcralion  pulse  was  applied  I he  loads  m the  tight  and 
preloaded  systems  were  onlv  developed  slightiv  earlier  than  with  the  slack  system  as  shown  in 
I able  111 

6.4  I he  KffecI  of  Sled  Peak  .Acceleration  on  the  Strap  and  Seat  l.oads. 

Snap  .ind  seat  loads  developed  in  a test  on  .i  eonvention.il  lour-point  system  at  a sled  peak 
acceleration  of  2k()  m s'  are  shown  on  fig  II.  I he  sharp  peak  in  the  seat  load  relerred  to  in  section 
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6.2  is  OMtioni.  \’crtic;tl  liiaditif:  ol  [he  seal  was  iiol  measured,  bui  elorujalion  ol  bt)||  tioles  in  the 
front  legs  of  the  seat  indicated  that  a load  in  excess  of  IKk\  had  been  developed.  I he  magnitude 
ol  these  seal  loads  would  depend  on  the  rigidity  ol  the  seat  frame  and  dummy,  or  bods,  so  the 
possibility  of  sueh  loading  should  be  considered  in  the  design  o(  the  seat,  I here  arc  two  important 
reasons  lor  sueh  consideration,  firstly  such  a shock  loading  to  the  spine  or  pelvis  could  be 
injurious,  and  secondly  the  seat  and  its  attachments  could  be  overloaded. 

The  peak  loads  in  the  sash  strap  are  seen  on  Fig.  1 1 to  have  been  reached  later  than  those  in  the 
lap  strap,  and  therelore  the  ma\imum  salue  of  the  sum  ol  the  loads  in  the  straps,  (the  total  strap 
load)  \sas  less  than  the  sum  ol  the  maximum  loads  in  the  individual  straps.  The  maximum  strap 
and  seal  loads,  and  the  total  strap  loads  are  shown  over  the  range  of  peak  accelerations  I rom  9.1  to 
2S0  m s 111  lableIN  I he  total  strap  load  is  plotted  against  peak  acceleration  on  Fig.  12.  and  this 
indicates  that  the  typical  aircraft  design  load  ol  9,1  kN  (170  lb  x 9g  x I..1.1  = 2060  Ibf  = 9.1  kN) 
would  be  reached  with  .in  aircraft  deceleration  peak  ol  about  SO  m s*  corresponding  to  Sg. 

6.5  Dummy  Displacement 

1 he  maximum  toi  vvaril  displacement  ol  the  diimmv  torso  in  the  lest  ol  the  conventional  lour- 
point  svsiem  at  a peak  aeeeleration  ol  2S0  m s^  is  shown  on  Fig  I.V  Shoulder  displacement  was 
.too  mm 

I he  maximum  lorw.nd  displacements  ol  hip  and  shoulder  datum  points  with  the  four-point 
svstem,  over  the  r.inge  ol  peak  aeeeleralions  Irom  9.t  2S0  m s are  shown  on  Fig.  14,  where  the 

upper  sash  load  is  plotted  against  shoulder  displacement,  and  the  combined  lap  strap  loads  (inner 
plus  outer  lap)  are  plotted  against  hip  displacement  1 he  lines  (AB  and  CD  respectively)  also 
correspond  approximately  to  load  dellection  measurements  made  successively  during  a single  test. 

I esis  with  the  l hree- point  system  .ind  with  I he  rigid  seal  both  resulted  in  slightly  less  shoulder 
movement  and  slightly  more  movement  at  the  hip.  I ighlening  the  straps  produced  less  movement 
at  both  places. 

6.6  The  Kffect  of  Fnergy  .Absorbers  in  the  Sash  Strap. 

I he  development  ol  the  loads  in  the  sash  straps  ol  the  eonvenlional  and  energy  absorbing 
systems  at  a sled  peak  aeeeleration  ol  2X0  m s aie  shown  on  fig.  15  Ihetype  H ( .A.  K.  ( ) unit  is 
seen  to  h.ive  limited  the  load  to  halt  the  value  developed  m the  conventional  system,  and  to  have 
maintained  .in  almost  unit  or  m load  I he  load  was  less  unit  or  m vv  it  h the  type  ,A  (commercial)  unit, 
but  the  peak  load  was  still  nuieh  less  than  with  the  conventional  sash  strap. 

I he  rediietion  in  load  was  achieved  hv  permitting  a greater  extension  ol  the  restraint. 
Movement  ol  ihe  shoulder  is  shown  on  f ig  15  and  the  extreme  forward  position  ol  the  dummy 
with  the  energy  absorbing  system  is  shown  on  Fig.  16  (el.  l ig.  I.f  lor  the  conventional  system) 

Ihe  m.iximiim  upper  ^ash  strap  loads,  displacement  ol  the  shoulder  and  extension  ol  the 
energy  absorbers  are  sumniari/ed  m l.ible  \ .ind  plotted  against  peak  aeeeleration  on  Figs  I7and 
IS,  At  the  maximum  peak  aeeeler.ition  ol  2X0  m s^  it  is  seen  that  lor  the  50',  reduction  ol  load 
there  was  a .M)' , increase  in  shoulder  movement  It  can  also  be  deduced  Irom  f ig  17  that  the  sash 
load  m the  energy  absorbing  (tv  pe  Bl  system  at  a sled  peak  acceleration  ol  2X0  m s corresponded 
to  the  load  to  be  expected  in  the  conventional  system  at  a sled  peak  acceleration  ol  approximately 
120  111  s*  Sash  strap  loads  are  plotted  against  shoulder  displacement  on  t ig.  19  to  indicate  the 
"trade  oil"  ol  load  against  displacement. 

I he  tvvo  types  of  energy  absorbers  displayed  approximately  similar  efleetiveness.  with  type  B 
giv  ing  marginally  greater  reduction  in  load,  probably  because  of  its  more  uniform  load  extension 
characteristics. 

1 he  loads  in  the  lap  straps  were  up  to  I.V,  greater,  when  the  energy  absorbers  were  lilted  in 
the  sash  straps  (see  lahle  \'l).  (his  was  probably  because  the  increased  torso  movement 
translerred  load  to  the  pelvis,  however  the  total  strap  load  was  lower  with  the  energy  absorbing 
svstem  than  with  the  conventional  assembly.  In  a previous  report'  it  was  shown  that  by  using 
energy  absorbers  in  both  the  sash  and  pelvic  restraint,  the  loads  in  all  the  straps  can  be  reduced. 

6.7  ( (imparisun  with  Previous  Tests 

I he  restraint  loads  depend  on  the  peak  aecelertition  and  the  velocity  change  In  this  series  ol 
tests  Ihe  aeceleralion  distance  was  approximalely  constant  and  velocity  change  was  a liinction  ol 
the  aeeeleration.  It  is  nol  possible  to  separate  the  relative  importance  ol  the  two  parameters  Irom 
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these  lest  results,  but  the  relaii\e  importance  ma\  be  interred  b\  eomparison  ol  the  results  with 
those  ol  a previous  test  series  which  used  a shorter  aeeeleration  distanee'.  Ihree-point  restraints 
similar  to  those  relerred  to  in  seetion  .V2  were  used  but.  as  is  shown  in  section  6. 1.  the  total  strap 
load  with  the  three  and  lour-point  systems  are  similar  and  therelore  results  ol  the  two  series  can  be 
er'inpared.  I he  total  strap  h>ads  lor  both  series  are  shown  on  I ig.  20 and  it  is  seen  that  similar  peak 
aeeeleralions  piodueed  similar  loads.  I his  is  also  shown  in  lable  \ ll  and  it  is  seen  that  the 
relationship  ol  load  to  peak  acceleration  was  much  closer  than  the  relationship  to  velocil)  change. 

7.  ( ON(  l.l  SIONS 

I lests  with  a conventional  seat  belt  indicated  that  the  lorees  in  the  restraint  could  reach  the 
typical  design  ultimate  loads  lor  light  aireralt.  at  a cabin  peak  deceleration  ol  only  KO  m s 
corresponding  to  Sg. 

2.  bnergy  absorbers  in  the  restraint  would  allow  the  svsiem  to  withstand  cabin  decelerations  ol 
greater  severity  without  an  increase  .n  the  restraint  lorees. 

Incorporation  of  an  energv  absorber  into  the  sash  snap  ol  a restraint  system  reduced  the  load 
in  that  strap  to  hall  Ihe  value  developed  in  the  conventional  conliguration. 

4.  When  tested  with  the  same  acceleration  pulse,  the  total  load  developed  in  the  straps  ol  the 

three-point  system  or  the  four-point  system  with  the  cushioned  or  rigid  seat  were  all  j 

approximately  the  same. 

5.  High  loads  were  developed  between  the  dummy  and  seat  Irame  in  the  tests  using  a cushioned 
seat. 

8.  A(  k>ovm.ki>(;kmkm 

The  assistance  of  Cicneral  Motors  Holden's  by  allow  ing  use  of  tbeir“H yge"  crash  simulator  is 
acknowledged. 
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I ESI  SEQUENC  E AM)  C'ONDl  HONS 


lest' 

No. 

I’eak 

•Aeen 

111  s' 

Vel. 

Change 
m s 

Scat 

System 

Strap 

litting 

1 .U16 

9.) 

10 

cushion 

eonsentional  4pt 

slaek* 

I.U)7 

9.) 

10 

cushion 

consentional  4pt 

slack 

l.)5l 

220 

Ih  h 

cushion 

eonsentional  4pt 

slack 

l.)52 

2S0 

19 

cushion 

eonsentional  4pt 

slack 

l.)5.) 

2!<0 

19 

cushion 

1 A tspe  A 4pt 

slack 

1 .CS4 

2H0 

19 

cushion 

1 N tspe  M 4pt 

slack 

I.CSS 

2S0 

19 

cushion 

1 A tspe  A 4pt 

slack 

I.USh 

2X0 

19 

cushion 

lunic 

none 

Notes:  I lest  nuinhers  alloeated  b\  (I  \1  U 
2.  Slaek  2^  iiini 

.V  Inner  lap  attaehed  to  lorward  anchorage 
4.  Inner  lap  attaehed  to  rear  anehoiage. 

5 No  dumnis.  lest  to  determine  seat  inertia  load 


I 
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I ABl.H  IIA 

MA.XIMl  M SIKAl’  LOADS  VVILH  CONVHMIONAI,  L()l!R-POIM  AND  IHRKH- 

POIM  SYSTLMS 


Sled  peak  aeceleration  170  m s'  Slack  25  mm 


lest  No. 

i -- 

Swtem 

Max.  Strap  load  kN  j 

Upper 

sash 

Outer 

lap 

1 .ower 
sash 

Inner 

lap 

Common 
inner  lap 

1 otal 

I.L7S 

4 Point 

5.7 

5.6 

3.5 

5.3 

20  1 

1 

4 Point 

6.0 

5.5 

4.5 

5.3 

21.1 

1 .UO 

Point 

6.2 

4.H 

S.9 

19.9 

1 74.^ 

2 Point 

6.7 

4.9 

9.3 

20.9 

1.U4 

5 Point 

6.7 

4.7 

X.9 

20.3 

1 ABl  I II B 

IHRLL-POIM  SYSI  LM  INNFR  ANX  HORAOL  BOSH  IONS  AND  STRAP  ANOI.FS 


Anchorage  position 

Rear 

Forward 

Installed 

1 oaded ‘ 

Installed 

Loaded 

Distance  ol  anchorage  below  datum' 

mm 

1.70 

1.70 

1.70 

1.70 

Distance  ol  anchorage  behind  daluni' 

mm 

70 

to 

-20 

-20 

Angle  ol  line  Irom  anchorage  to 

location  ol  lap  belt  on  dummy 

degrees' 

45 

60 

Angle  ol  common  strap 

degrees' 

54 

40 

67 

42 

Angle  ol  sirap  over  lap 

degrees' 

19 

23 

Angle  ol  Sash  at  lap 

degrees' 

69 

73 

Nutes:  I Datum  is  the  intersection  ol  the  seat  and  seat  back. 
2.  Anitles  are  projected  angle  to  the  horizontal. 

,V  ApproMmately  the  minimum  angle  in  the  test. 


lime  tor  outer  lap  strap  load  to  reach  2k \ 


fr  . ^ 


l ABl.E  IV 

RES  I RAIN  r LOADS  WITH  SLED  PEAK  ACCELERATION  93  lO  2S0  m s 
Conventional  lour-point  systems,  cushioned  seat,  25  mm  slack. 


lest 

No. 

Peak 

Accn 

m s’ 

Max.  Strap  loads  kN 

Max 

Seat  load  kN 

Upper 

sash 

l.ower 

sash 

Outer 

lap 

Inner 

lap 

1 otal' 

1 otal 

Seat  inertia' 

1336 

93 

.3.3 

2.2 

2.7 

2.5 

10.5 

2.7 

1337 

93 

.3.1 

2.2 

3.0 

2.9 

1 1.0 

2.7 

1 33S 

170 

.3.5 

5.6 

5.3 

18.7 

6.2 

1.5 

13.39 

170 

■■ 

5.3 

5.3 

21.0 

4.9 

1.5 

1351 

220 

mm 

6.5 

6.2 

22.5 

1.7 

1352 

2S0 

8.9 

7.3 

7.6 

27.6 

2.2 



Notes:  1.  Max.  value  of  sum  of  strap  loads 

2.  Including  seat  inertia 

3.  calculated  seat  inertia 


I ABLE  V 

ELEECT  OE  ENERfiY  ABSORBERS  ON  THE  SASH  LOAD  AND  SHOIT.DER 

MOVEMENl 


Conventional  and  energy  absorbing  systems 


lest 

No. 

System 

Peak 

accn. 

m s‘ 

Max. 

upper 

sash 

strap 

load 

kN 

shoulder 

displacement 

mm 

EA 

extension 

mm 

1338 

Conventional 

170 

5.7 

220 

0 

1339 

Conventional 

170 

6.1 

220 

0 

1349 

EA  Lype  A 

170 

4.3 

3(K) 

120 

1350 

EA  Lype  B 

170 

4.1 

250 

107 

1352 

Conventional 

280 

8.9 

3(K) 

0 

1 353 

EA  lype  A 

280 

5.6 

4(M) 

290 

1355 

EA  Type  A 

280 

5.6 

1 

.300 

1 3.54 

EA  Type  B 

280 

4.5 

440 

370 

.Note:  1.  Strap  cut  by  arm  joint  of  dummy. 


I able;  Vi 


MAXIMUM  S1RAE»  1 OAI>S  WIIEE  C'ONVEMIONAl  AM)  ENE  RCiY 
ABSORBING  EOUR-E'OIM  SYSEE  MS 


Sled  I’eak  aeeelcration  2K0  m s 


lest 

No. 

System 

Max.  Stra 

> loads  kN 

Max.  ‘ 
Total 

Load  kN 

Upper 

sash 

Lower 

sash 

Outer 

lap 

Inner 

lap 

I.)52 

Conventional 

6.0 

7.3 

7.6 

27.6 

1.15.) 

EiA  lype  A 

.‘1.6 

5.8 

8.5 

8.0 

25 

I.CVS 

E:A  lype  A 

5.6 

5.3 

8.2 

8.0 

26 

l.)54 

E A Type  B 

4.5 

5.8 

7.7 

7.6 

23 

Note;  1.  Max  value  of  sum  of  strap  loads. 


I ABI  E Vll 

GOMl’ARISON  WIllE  PREVIOUS  lE-SIS.  1 ONCi  ANDSEEORI  ACCEl  E RA  I ION  DISIANCES 

Conventional  Ihree-point  systems 


I 

I 


1 


lest 

No. 

•Aceeleralion 

Distance 

mm 

IVak 

acen 

m s' 

\'clocil> 

change 

m s 

strap  loads  kN 

1 upper 
sash 

outer 

lap 

inner 

lap 

total 

L)44 

8,)0 

170 

14 

6.7 

4.7 

8.4 

61*)' 

420 

180 

II 

6.2 

4.7 

8.4 

623' 

420 

240 

13 

7.1 

7.1 

1 1.8 

n 

Note;  1.  Data  Irom  Ref.  .V 
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STRUC.  RPT.  359 
FIG,  i 


THE  TEST  FRAME,  SEAT  AND  DUMMY  WITH  CONVENTIONAL  FOUR-POINT 
RESTRAINT  SYSTEM  VIEWED  FROM  Tf|E  "INNER"  SIDE.  UPPER  END  OF  SASH 

STRAP  ANCHORED  AT  A. 


STRUC.  RPT.  359 
FIG.  5a 


Torsion  bar 
fixed  to  case 


Torsion  bar 
fixed  to  reel 


CONSTRUCTION  OF  TYPE  'A'  ENERGY  ABSORBER. 
(Commercial  unit) 


CONSTRUCTION  OF  TYPE  'B'  ENERGY  ABSORBER. 
A.R.L.  unit. 


STRUC.  RPT.  359 
FIGS.  8 & 9 


FIG.  8 EXTREME  FORWARD  POSITION  OF  DUMMY. 
Conventional  three-point  system.  Lap  strap  on  rear  anchorage.  Peak  acc'n.  170  m/s^. 


FIG.  9 EXTREME  FORWARD  POSITION  OF  DUMMY 
Conventional  three  point  system.  Lap  strap  on  forward  anchorage.  Peak  acc’n.  170  m/s^. 


ACCELERATION,  STRAP  AND  SEAT  LOADS  versus  TIME. 
Conventional  four-point  system.  Peak  acc'n.  280  m/s^. 

(Seat  load  shown  is  from  dummy  only). 


STRUC,  RPT.  359 
FIG.  13 


Max.  strap  load  kN 


STRUC.  RPT.  359 
FIG,  14 
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Lap  load  [inner  plus  outer 
lap  strap  load)  u hip 
displacement 

Upper  sash  load 
V shoulder  displacement 

( ) peak  acceleration  m/s^ 


_1 I I L_ 

100  200  300  400 


Max.  dummy  displacement  mm 


MAXIMUM  STRAP  LOAD  versus  MAXIMUM  DUMMY  DISPLACEMENT 
Conventional  four-point  system,  cushion  seat,  25  mm  slack. 


UPPER  SASH  STRAP  LOAD  AND  SHOULDER  DISPLACEMENT  versus  TIME. 
Conventional  and  energy  absorbing  four-point  systems.  Peak  acc'n.  280  m/s^. 


STRUC.  RPT.  359 
FIG. 16 


EXTREME  FORWARD  POSITION  OF  DUMMY  WITH  ENERGY  ABSORBING  SYSTEM. 
Four  point  system.  Peak  acc'n.  280  m/s^. 


Max.  upper  sash  strap  load  kN 


STRUC.  RPT.  359 
FIG.  17 


10 


100  120  200 
Sled  peak  acceleration  m/s^ 


300 


MAXIMUM  UPPER  SASH  STRAP  LOAD  versus  SLED  PEAK  ACCELERATION 
Conventional  and  energy  absorbing  four-point  systems. 


Max.  shoulder  displacement  mm 


MAXIMUM  SHOULDER  Dl 
Conventional  ^ 


STRUC.  RPT.  359 
FIG.  19 


Max.  shoulder  displacement  mm 


MAXIMUM  UPPER  SASH  STRAP  LOAD  versus  MAXIMUM  SHOULDER  DISPLACEMENT 
Conventional  and  energy  absorbing  four-point  systems. 


Max.  total  strap  load  kN 


STRUC.  RPT.  359 
FIG.  20 

0(19) 

(13)B 

>^^(166) 

1) 

O 4 point  system 

o 3 point  system 

1 m stroke 

■ 3 point  system 

0.5  m stroke 

( ) Velocity  change 

m/s 

Sled  peak  acceleration  m/s 


MAXIMUM  TOTAL  STRAP  LOAD  versus  SLED  PEAK  ACCELERATION  FOR  BOTH 
LONG  AND  SHORT  ACCELERATION  DISTANCES. 
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